The manuscript by Gorlich et al. describes the mutant phenotype resulting from inactivation (via CRISPR-Cas9) of a protein localized to the silica deposition vesical in the diatom Thalassiosira pseudonana. The authors carefully document that the knock-out mutants contain significantly less biosilica and have resulting defects in the structure of the silica cell wall. They convincingly show that these changes compromise the strength and stiffness of the cell walls. Importantly, the authors show that the resulting phenotype did not result from other off-target loci. Experimentally, this is beautiful work, with use of appropriate statistics. Their study advances our understanding of the somewhat mysterious generation of remarkably diverse and intricate silica-based diatom cells walls.
My only suggestions have to do with further explaining the implications of their results. For example, the authors reference Kotzsch, A. et al. (BMC Biol. 15, 9-11, 2017) . The Kotzsch et al manuscript provides hypotheses as to the role of Sin1 in silica precipitation. It would be helpful if the authors included these hypotheses in this manuscript and explicitly described how the in vivo results support (or modify) their previous hypotheses. Second, the authors conclude the abstract and the discussion with the statement that their result "paves the way for genetic engineering of silica architectures with desired structures and mechanical performance." It is not clear how their results actually do this -the authors could be more explicit here. Finally, the authors should also explain what they mean when they state that their result "highlights that understanding biosilica morphogenesis will also require fundamental insight into the mechanical constraints for cell wall stability."
Reviewer #3 (Remarks to the Author):
The authors have investigated the role of silicanin-1 (Sin1) -a protein hypothesized to play a key role in biosilica formation of diatoms-on the morphology and mechanical properties of T. pseudonana. The approach is innovative and novel in the field of biomineralization, exploiting CRISP-Cas9 to knock-out the gene encoding Sin1.
The inactivation of the Sin1 gene appears to have been carefully executed and the verification of successful knock-out, which is a central aspect of the paper, is convincing. The authors have then conducted morphological characterization and nanomechanical testing to demonstrate that Sin1 plays an important role in the structural integrity of the diatoms wall.
I only have a few comments about the study, mostly regarding the nanomechanical characterization:
-The authors have used a sharp tip to deform individual valves of isolated cell calls. With such a geometry, the contact stresses are concentrated at a point rather than distributed along the entire cell wall. Why not using a flat cylindrical punch to conduct full "nano-compression" tests, in which valves would be fully compressed until failure ? It seems to me these tests would provide even more convincing evidence about the difference in mechanical properties of the wild type vs. the KO mutant. Actually since the diameter of the valve is around 3um (see Fig. 4 ), even a spherical tip geometry with a spherical radius of 15um or above would generate a similar compressive field, and would thus be sufficient to compress entire valves.
-In Page 8, using in situ videos of nanoindentation testing, the authors are mentioning that the wild type cell wall is returning to its initial shape whereas for the KO1 mutant, there is irreversible deformation. The videos support this statements but I did not find it that obvious. I think what would be useful to make the claim fully convincing would be to draw the contour of the valves both at the beginning and at the end of the tests, and to then demonstrate that the KO1 mutant is indeed irreversibly deformed. Any image processing software should work to draw the contours.
-A very minor point: for Supplementary Fig. 7 , the caption should mention that these are AFM images. This is mentioned in the text but not in the caption.
Response to the reviewers' comments
Reviewer comments are shown in italics and our responses in bold font.
Reviewer #1
Page 2 line 2. I would suggest making this first sentence a little less finite -all known diatoms produce a silica based shell (at least for one morphotype of the sp.), as the described number of species (~15,000) is lower than the expected number of species (>100,000) we can't know for sure that there are no diatoms out there with no silica frustule (possible as certain morphotypes of P. tricornutum do not require silicon to grow). Diatoms are a large group of single-celled microalgae (~15,000 described and >100,000 estimated species) renown for their silica-based cell walls that exhibit species specifically ornamented morphologies with patterns of nano-to micrometer sized To avoid the frequent mentioning of "likely", which is used also in the preceding sentence, we have changed this section as follows (changes are underlined): "It is highly likely that the presence of cross-connections will significantly contribute to the mechanical strength of the valve. If so, not only the reduced silica content but also the morphological changes in the biosilica would be responsible for the decreased cell wall stiffness of Sin1 knockout mutants."
Page 9 line 4. This sentence appears to be missing its reference (18).
The reference has been added. Consequently, in the present report only wild type and mutant cells were examined that were grown for >3 months in NO 3 -bearing medium.
We feel that including our observation of the still enigmatic effect of NH 4 + on morphology would be distracting rather than provide additional insight for the study described in this paper. Therefore, we would prefer to not explain why we permanently switched to NO 3 -medium after the cells were initially grown for a relatively brief period
(1 week in liquid culture, 10 days on plates) in NH 4 + bearing NEPC medium. Kotzsch, A. et al. (BMC Biol. 15, 9-11, 2017) Fig.  4 ), even a spherical tip geometry with a spherical radius of 15um or above would generate a similar compressive field, and would thus be sufficient to compress entire valves. We agree with the reviewer that by using a relatively sharp tip we concentrate the stresses at the valves of the tested biosilica. In fact, this experimental geometry was chosen intentionally as the only discernable morphological change in the knockout mutant occurred in the valves. Moreover, as it can be seen in the videos recorded during the indentation experiments, this geometry probes the deformation behavior of the entire cell wall that includes both the valves and the girdle bands. In contrary, if we would use the experimental set-up suggested by the reviewer, we would only deform the girdle bands and thus, overlook the mechanical behavior of the valves. In contrast, the experimental set-up that we chose allowed probing both, the deformability of the valve and the overall mechanical properties of the biosilica cell wall, which was the purpose of our mechanical measurements. We thank the reviewer for this excellent suggestion. We added Supplement Figure 9 , which shows images extracted from the videos. They present the state of the cell walls of the wild type and knockout strain before, during and after the indentation experiment in a comparative manner (see below). Supplement Figure 9 . SEM images extracted from the movies that were recorded during the displacement controlled nanoindentation experiments of a single cell wall from wild type (movie S1) and mutant KO1 (movie S2). The images compare the state of the cell walls from both specimens before, during and after completion the indentation experiment.
